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(54) Active matrix liquid crystal display panel and method of driving the same 



(57) Conventionally, a nnodulating voltage for modu- 
lating ttie potential of a pixel electrode through an auxil- 
iary capacitance is superimposed on a scanning signal 
and applied to a scanning electrode. On the contrary, a 
modulating electrode for applying a modulating voltage 
is provided separately from the scanning electrode. 
Consequentiy. the anrplitude of the scanning signal out- 
put from the output IC so as to t>e applied to the scan- 
ning electrode is greatiy reduced and the level output is 
binary, so that the area of the IC chip is greatiy reduced. 
As a result, tiie cost of tiie IC Is greatiy reduced. More- 
over, since the modulating electrode is provided below 
the pixel electrode and no auxiliary capacitance is 
formed between tiie pixel electrode and the scanning 
electrode, the load capacitance of tiie scanning elec- 
trode is reduced, so ttiat the widtii of the scanning elec- 
trode can t^e reduced to significantiy improve the 
numerical aperture. 
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Description 

BACKGROUND OF THE INVENTION 
Reld of the Invention 

[0001 ] The present invention relates to a liquid crystal 
display panel in which a TFT (thin film transistor) array 
is driven to display OA images and video images, and a 
method of driving the same. 

Description of the Prior Art 

[0002] Examples of conventional livid crystal display 
panels include one disclosed in Japanese Laid-open 
Patent Application No. H2-913. FIG. 8 is a circuit dia- 
gram showing the structure of the conventior^ liquid 
crystal display panel. In FIG. 8. reference numeral 1 
represents a pixel, refererwe numeral 2 represents a 
TFX reference numeral 3 represents a pixel electrode 
connected to the drain electrode of the TFT 2. reference 
numeral 4 represents a liquid crystal capacitance 
formed between a counter electrode 6 and the pixel 
electrode 3, reference numeral 5 represents an auxiliary 
capacitance for supplementing the storing property of 
the liquid crystal capacitance 4, reference numeral 7 
represents a scanning electrode connected to the gate 
electrode of the TFT 2 for supplying a scanning signal to 
control on and off of the TFT 2. and refererx^e numeral 
9 represents a signal electrode connected to the source 
electrode of the TFT 2 for supplying an image signal to 
the pixel electrode 3 through the TFT 2. 
[0003] FIG. 9 is an equivalent circuit diagram of a pix^ 
(i. D of the conventional liquid crystal display panel when 
the TFT 2 is off. in FIG. 9, Cgd represents a gate-drain 
capacitance between the gate electrode and the drain 
electrode of the TFT 2, and Csdi and Csd2 represent 
signal electrode-pixel electrode capacitances between 
the signal electrode 9 and the pixel electrode 3. 
[0004] FIGs. 1 0(a) to 1 0(b} are signal waveform charts 
of the conventional liquid crystal display panel. FIG. 
10(a} is a signal waveform chart at the pixel (i. D- f^'CB. 
10(b) is a signal waveform chart at a pixel 0+1. D- 
10(c) is a signal waveform chart at a pixel (i+2. j). In 
these figures, 1H r^esents a horizontal scanning 
period. 1V represerrts a vertical scanning period. Vc 
represents a counter signal applied to the counter elec- 
trode 6. Vg represents a scanning signal applied to the 
scanning electrode 7 and supplied to the gate electrode 
of the TFT 2. Vs represerrts an image signal applied to 
the signal electrode 9 and supplied to the source elec- 
trode of the TFT 2. Vd represents the potential of the 
pixel electrode 3 connected to the drain electrode of the 
TFT 2. Vge*- represents a positive nxxlulating voltage, 
and Vge- represents a negative modulating voltage. In 
this conventional display panel, the nrtagnitude of the 
positive modulating voltage Vg&i- is 3 V (:s19 V - 16 V). 
and the magnitude of the negative modulating voltage 



Vge- isll V(=16V-5V). 

[0005] With respect to the conventional liquid crystal 
display panel thus structured, an operation thereof will 
be described. 

5 [0006] At the pixel (i, j). when the scanning signal 
Vg(i+1) is on for the 1 H period, the image signal VsQ) is 
supplied to the pixel electrode 3 serving as one of the 
electrodes of the liquid crystal capacitance 4 and the 
auxiliary capacitance 5, so that a predetermined voltage 

10 is reached. When the scanning signal Vg(i+1) becomes 
off, it is attenpted to maintain the voltage for the IV 
period; however, since the auxiliary capacitance 5 is 
connected to the preceding scanning electrode 7. when 
the scanning signal Vg(i} changes to the positive modu- 

15 lating voltage Vgei- or to the negative modulating volt- 
age Vge-, the potential Vd(i. j) of the pixel electrode 3 
changes accordingly Thus, an effective voltage as well 
as the image signal VsQ) is applied to the liquid crystal 
capacitance 4. The same is performed at the pixel (i+1 , 

20 j) and at the pixel (i+2, j). etc., so that an image is dis- 
played on the entire screen. 

[0007] However, in the conventional structure, as 
shown in FIGs. 10(a) to 10(c). the positive modulating 
voltage Vge+ and the negative modulating voltage Vge- 

25 must be superimposed on tiie scanning signal Vg, and 
the modulating voltages necessarily have an amplitude 
of several tens of volts. Consequently, the output IC for 
outputting the scanning signal Vg of up to approximately 
38 V to the scanning electrode 7 is a process which 

30 withstands a very high voltage, and requires a four- 
value level output, so that the chip area increases. As a 
result, the cost of the IC significantly increases. 
[0008] Moreover, as shown in FIG. 1 1 , since the aux- 
iliary capacitance 5 is formed between the pixel elec- 

35 trode 3 and the scanning electrode 7. the load 
capacitance of the scanning electrode 7 increases. Fur- 
ther, since the width of the scanning electrode 7 cannot 
be reduced so much in forming the auxiliary capaci- 
tance 5, the numerical aperture is sacrificed. Moreover, 

40 the load on the output IC increases as tiie screen size 
and the density of the liquid crystal display panel 
irK^-ease, so that the difference in load capacitance 
between the left and right sides of the screen degrades 
the display quality. 

45 [0009] Moreover, since pixels in the same row are 
supplied with the image signal Vs of the see polarity and 
supplied with the image signal Vs of a different polarity 
every 1H period, the potential Vd of the pixel electrode 
3 is swung through tiie signal electrode-pixel electrode 

so capacitances Csd^ and Csd2 every time the polarity of 
the image signal Vs changes, so that crosstalt< is 
caused. As a result, the display quality is significantly 
degraded. 

55 SUMMARY OF THE INVENTION 

[Q01 0] An c^ject of the present invention is to provide 
a liquid crystal display panel and a method of driving tiie 
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same in which the output amplitude of the output IC for 
outputting the scanning signal Is restrained, the cost of 
the IC is greatly reduced k^y using a low-voltage proc- 
ess, the load capacitance of the scanning electrode is 
reduced and the numerical aperture is improved. 
[0011] Another object of the present invention is to 
provide a liquid crystal display panel and a method of 
driving the same in which, in addition to the above-men- 
tioned object, high-quality image display without any 
crosstalk is realized. 

[0012] A Iquid crystal display panel of the present 
invention is a liquid aystal display panel in which a plu- 
rality of pixel electrodes are arranged in m rows and in n 
columns on a light transmitting substrate, m rows of 
scanning electrodes and n columns of signal electrodes 
are perpendicularly arranged between the plurality of 
pixel electrodes, a thin film transistor in which a gate 
electrode is connected to a scanning electrode in an i-th 
row (i is an integer among 1 to m). a source electrode is 
connected to a signal electrode in a j-th column Q is an 
integer among 1 to n) and a drain electrode is con- 
nected to a pixel electrode in the i-th row in the j-th col- 
umn is disposed at each intersection of the scanning 
electrode and the signal electrode, and a counter elec- 
trode which is opposed to the pixel electrode with liquid 
crystal between is disposed. The liquid crystal display 
panel is characterized in that a nfx)dulating electrode in 
the i-th row between which and each of the pixel elec- 
trodes in all the columns in the i-th row, an auxiliary 
capadtance is formed is provided. 
[001 3] According to this structure, since the modulat- 
ing electrode t>etween which and each of the pixel elec- 
trodes, the auxiliary capacitance is formed is provided 
separately from the scanning electrode, the amplitude 
of the scanning signal output from the output IC so as to 
be applied to the scanning electrode is greatly reduced 
and the level output is binary, so that the area of the IC 
chip is greatly reduced. As a result, the cost of the IC is 
greatly reduced. Moreover, since the auxiliary capaci- 
tance is formed not between the pixel electrode and the 
scanning electrode like in the conventional structure, 
the load capacitance of the scanning electrode is 
reduced. 

[0014] Further, the liquid crystal di^ay panel is char- 
acterized in that the modulating electrode in the i-th row 
is formed by use of a light transmitting conductive mate- 
rial, and that the modulating electrode in the i-th row is 
provided t>etween the pixel eJectrodes in all the columns 
in the i-th row and the light transmitting substrate with a 
light transmitting insulating film between the pixel elec- 
trodes in all the columns in the i-th row and the nnodulat- 
ing electrode in the i-th row. 

[001 5] Thus, since the modulating electrode using the 
light transnnitting conductive material is provkf ed below 
the pixel electrode and the load capacitance of the 
scanning electrode is reduced, the wkfth of the scan- 
ning electrode can be reduced to significarrtiy improve 
the numerical aperture. 



[0016] A method of driving a liquid crystal display 
panel of the present invention is a method of driving the 
atx)ve-described liquid crystal display panel of the 
present invention, and is characterized in that a poten- 
5 tial of the pixel electrode is controlled through the auxil- 
iary capacitance by sipplying an image signal whose 
polartty is reversed every horizonteit scanning p^iod to 
the signal electrode, and applying a positive nrxxiulating 
voltage and a negative nrxxJulating voltage to the modu- 
lo lating electrode. 

[0017] According to the driving method, since the 
potential of tiie pixel electrode is controlled through the 
auxiliary capacitance by applying a positive nxxlutating 
voltage and a negative modulating voltage to the modu- 
15 lating electrode, tiie load capacitance of the scanning 
electrode is reduced, so that the width of the scanning 
electrode can be reduced to stgnificantiy improve the 
numerical aperture. 

[0018] Moreover, a liquid crystal display panel of the 

20 present invention is a Ik^uid crystal display panel in 
which a plurality of pixel electrodes are arrar^ged in m 
rows and in n columns on a light transmitting substrate, 
m rows of scanning electrodes and n columns of signal 
electrodes are perpendicularly arranged between the 

Z5 plurality of pixel electrodes, a thin film transistor in wvhich 
a gate electrode is connected to a scanning electrode in 
an i-th row (i is an integer amortg 1 to m). a source elec- 
trode is connected to a signal electrode in a j-th column 
0 is an integer among 1 to n) and a drain electrode is 

30 connected to a pixel electrode in the i-th row in the j-tii 
column is disposed at each intersection of the scanning 
electrode and the signal electrode, and a counter elec- 
trode which is opposed to the pixel electrode with liquid 
crystal between is disposed. The liquid crystal cfisplay 

35 panel is characterized in tiiat the following nnodulating 
electrodes are provided: a modulating electrode in a 
first row between which and the pixel electrode in the 
first row in a p-th column (p is an odd number or an even 
number anrx>ng 1 to n), an auxiliary capacitance is 

40 formed; a nrKXlulating electrode in a k-th row between 
which arxl the pixel electrode in a k-th row in the p-th 
column (k is an integer among 2 to m) and in the (k-1)- 
th row in a q-th column (q is an integer other than p 
among 1 ton), tiie auxiliary capacitance is formed; and 

45 a modulating electrode in an (n>4-l)-th row between 
which and the pixel electrode in the m-tii row in the q-th 
column, the auxiliary capacitance is formed. 
[001 9] According to this structure, since the modulat- 
ing electrode between which and each of the pixel elec- 

50 trodes, the auxiliary capacitarKie is formed is provided 
separately from the scanning electrode, the amplitude 
of the scanning signal output from the output IC so as to 
be applied to the scanning electrode is greatiy reduced 
and the level output is binary, so that the area of the IC 

55 chip is greatly reduced. As a result, the cost of the IC is 
greatly reduced. Moreover, since the auxiliary capaci- 
tance is formed not between the pixel electrode and the 
scanning electrode like in the conventional structure. 
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the load capacitance of the scanning electrode is 
reduced. Further, since the auxiliary capacitance is 
formed between the pixel electrode and a different mod- 
ulating electrode for each column and an image signal 
whose polarity is revved for each column of the signal 
electrode is supplied, the poterrtials of the pixel elec- 
trodes are swung from the signal electrodes on both 
sides so as to cancel each other through the capaci- 
tance between the signal electrodes, so that the poten- 
tials of the pHxel electrodes are not swung but become 
stable. As a result, crosstalk disappears and the display 
quality is signifteantly improved. 
[0020] Further, the liquid crystal display panel is char- 
acterized in that the modulating electrodes in the first to 
the (m-«-1)-th rows are formed by use of a light transmit- 
ting conductive material, the modulating electrode in the 
first row is provided between the pixel electrode in the 
first row in the p-th column and the light transmitting 
substrate with a light transmitting insulating film 
between the pixel electrode in the first row in the p-th 
column and the nrtodulating electrode in the first row. the 
modulating electrode in the k-th row is provided 
between the pixel electrodes in the k-th row in the p-th 
column and in the (k-l)th row in the q-th column and the 
light transmitting SLi>strate with the light transmitting 
irsulating film between the pixel electrodes in the k-th 
row in the p-th column and in the (k-l)-th row in the q-th 
column and the modulating electrode in the k-th row. 
and the nxxiulating electrode in the (m-i'l)-th row is pro- 
vided between the pixel electrode in the nrt-th row in the 
q-th column and the light transmitting sut>strate with the 
light transmitting insulating f ^m between the pixel elec- 
trode in the m-th row in the q-th column and the modu- 
lating electrode in the (nrH-l)-th row. 
[0021 ] Thus, since the nrxxlulating electrode using the 
light transmitting conductive material is provided below 
the pixel electrode arKi the load capacitance of the 
scanning electrode is reduced, the width of the scan- 
ning electrode can be reduced to significantly improve 
the numerical aperture. 

[0022] Moreover, a method of driving a liquid crystal 
display panel of the present invention is a method of 
driving the above-described liquid crystal display panel 
of the present invention. arxJ is characterized in that a 
potential of the pixel electrode is controlled through the 
auxiliary capacitance by supplying an image signal 
whose polarity is reversed every column of the n col- 
umns of the signal electrodes, supplying the image sig- 
nal whose polarity is reversed every horizontal scanning 
period to the same signal electrode, and applying a pos- 
itive nxKjulating voltage and a negative modulating volt- 
age to the modulating electrode. 
[0023] According to the driving method, since the 
potential of the pixel electrode is controlled through the 
auxiliary capacitance by applying a positive modulating 
voltage and a negative modulating voltage to the modu- 
lating electrode, the load capacitance of the scanning 
electrode is reduced, so that the wkfth of the scanning 



electrode can be reduced to significantly improve the 
numerical aperture. Further, since the image signal 
whose polarity is reversed every colunnn of the signal 
electrode is supplied, the potentials of the image elec- 

5 trodes are swung from the signal electrodes on both 
sides so as to cancel each other through the capaci- 
tance between the signal electrodes, so that the poten- 
tials of the pixel electrodes are not swung but become 
stable. As a result, crosstalk disappears and the display 

10 quality is significantly inproved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

15 

FIG. 1 is a circuit diagram showing the structure of 
a liquid crystal display panel according to a first 
emtxxliment of the present invention; 
FIGs. 2(a) and 2(b) are a plan view and a cross- 
20 sectional view, respectively, showing the structure 
of an auxiliary capacitance of the liquid crystal dis- 
play panel according to the first embodiment of the 
present invention; 

FIGs. 3(a) to 3(c) are signal waveform charts of the 
25 liquid crystal display panel according to the first 
embodiment of the present invention; 
FIG. 4 is a circuit diagram showing the structure of 
a liquid crystal display panel according to a second 
OTbodiment of the present invention; 
30 FIGs. 5(a) and 5(b) are a plan view and a cross- 
sectional view, respectively, showing the structure 
of the auxiliary capacitance of the liquid crystal dis- 
pl^ panel according to the secorxl errdxxiiment of 
the present invention; 
35 FIG. 6 is an equivalent circuit diagram of the pixel (i. 
j) of the liquid crystal display panel according to the 
secorxl emiDodiment of the present invention when 
a TFT is off; 

FIGs. 7(a) to (f) are signal waveform charts of the 
40 liquid aystal display panel according to the second 

embodiment of the present invention; 

FIG. 8 is a circuit diagram showing the structure of 

the conventional liquid crystal display panel; 

FIG. 9 is an equivalent circuit diagram of the pixel (i, 
45 j) of the conventional Ik^ukl crystal cSsplay panel 

when the TFT is off; 

FIGs. 10(a) to 10(c) are signal waveform charts of 
the conventional liquid crystal display panel; and 
FIG. 1 1 is a plan view showing the structure of the 
50 auxiliary capacitance of the conventional liquid 
crystal display panel. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMEtsrrS 

55 

[0025] Preferred embodiments of the present inven- 
tion will be described with reference to the drawings. 
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{First ErrtxxJiment) 

[0026] FIQ. 1 is a circuit diagram showing the struc- 
ture of a liquid crystal display panel according to a first 
embodiment of the present invention. In FIG. 1. refer- 
ence numeral 1 represents a pixel, reference numeral 2 
represents a TFT. reference numeral 3 represents a 
pixel electrode connected to the drain electrode of the 
TFT 2, reference numeral 4 represents a liquid crystal 
capacitance formed between a counter electrode 6 and 
the pixel electrode 3, reference numeral 5 represents an 
auxiliary capacitance for supplementing the storing 
property of the liquid crystal capacitance 4, reference 
numeral 7 represents a scanning electrode connected 
to the gate electrode of the TFT 2 for supplying a scan- 
ning signal to control on and off of the TFT 2, and refer- 
ence numeral 9 represents a signal electrode 
connected to the source electrode of the TFT 2 for sup- 
plying an image signal to the pixel electrode 3 through 
the TFT 2. These elements are similar to those of the 
conventional liquid crystal display pan^ and denoted by 
the same reference numerals as those of FIG. 8. Refer- 
ence numeral 8 represents a modulating electrode for 
modulating the potential of the pixel electrode 3. 
[0027] This emtxxliment is different from the conven- 
tional structure in that the modulating electrode 8 for 
applying a nnodulating signal Vf to modulate the poten- 
tial Vd of the pixel electrode 3 through the auxiliary 
capacitance 5 is provided separately from the scanning 
electrode 7. That is, the auxiliary capacitance 5 is pro- 
vided not between the pixel electrode 3 and the scan- 
ning electrode 7 like in the conventional structure txjt 
between the pixel electrode 3 and the modulating elec^ 
trode 8 in this enUxxfiment 

[0028] The structure of the auxiliary capacitarK:e 5 in 
this embodiment is shown in FIGs. 2(a) and 2(b). FIG. 
2(a) is a plan view shewing the structure of the auxiliary 
capacitance 5. FIG. 2(b} is a cross-sectional view taken 
on the line A-A of FIG. 2(a). In these figures, the TFT 2 
is not illustrated but shown being simplified. As shown in 
the figures, the auxiliary capacitance 5 is formed by pro- 
viding the nxxjulating electrode 8. with a light trsmsmit- 
ting insulating fOm 12 between, below the pixel 
electrode 3 disposed on a light transmitting sibstrate 
11. Therefore, after the nrodulating electrode 8 is 
formed on the light transmitting substrate 11. the light 
transmitting insulating film 12 is formed on the entire 
surface, arxi the pixel electrode 3, the scanning elec- 
trode 7 and the signal electrode 9. etc. are formed on 
the light transmitting insulating film 12. Ttie pixel elec- 
trode 3 and the modulating electrode 8 are made of a 
light transmitting conductive material such as ITO 
(indium-tin oxide) which a transparent electrode can be 
formed of. The light transmitting substrate 1 1 comprises 
a substrate having light transmitting capability such as 
glass. The light transmitting insulating fOm 12 comprises 
a silicon oxide film (SiOs), a tantalum oxide film (TagOs) 
or a silicon nitride film (SiNox). 



[0O29] FIGs. 3(a) to 3(c) are signal waveform charts of 
the liquid crystal display panel according to the first 
enfUx)dimeni FIG. 3(a) is a signal waveform chart at the 
pixel (i. 0- FIG. 3(b) is a signal waveform chart at a pixel 

5 (i+1» J). FIG. 3(c) is a signal waveform chart at a pixel 
(i+2, j). In these figures. 1H represents a horizontal 
scanning period, IV represents a vertical scanning 
period. Vc represents a counter signal applied to the 
counter electrode 6, Vg represents a scanning signal 

10 applied to the scanning electrode 7 and supplied to the 
gate electrode of the TFT 2, Vs represents an image 
signal applied to the signal electrode 9 and supplied to 
the source electrode of the TFT 2, Vd represents the 
potential of the pixel electrode 3 connected to the drain 

IS electrode of the TFT 2. Vf represents a modulating sig- 
nal applied to the nxxlulating electrode 8 and having a 
positive modulating voltage Vge+ and a negative modu- 
lating voltage Vge-. The nriagnitude of the nxxiulating 
voltage Vge+ is 3 V, and the magnitude of the modulat- 

20 ing voltage Vge- is 1 1 V (=14 V - 3 V). These magni- 
tudes are the same as those of the conventional display 
panel. During a period of IV. the modulating signal Vf 
changes by the magnitude of the voltage Vge- in the 1 H 
period immediately after the scanning signal Vg 

2S becomes on. is constant until the next 1H period imme- 
diately before the scanning signal Vg t>ecomes on the 
next time, and then, changes by the magnitude of (Vge- 
)-(Vge+). During the next IV period, the modulating sig- 
nal Vf changes l>y the magnitude of Vge+ in the 1H 

30 period immediately after the scanning signal becomes 
on. 

[0030] With respect to the liquid crystal display panel 
according to the first embodiment thus structured, an 
operation thereof will be described. 

35 [0031 ] At the pixel (i. D> when the scanning signal Vg(i) 
is on for the 1 H period, the image signal VsQ) is supplied 
to the pixel electrode 3 serving as one of the electrodes 
of the liquid crystal capacitance 4 and the auxiliary 
capacitance 5, so that a predetermined voltage is 

40 reached. When the scanning signal Vg(i) becomes off. it 
is attempted to maintain the voltage for the IV period; 
however, since the auxiliary capacitance 5 is connected 
to the modulating electrode 8, when the nnodulating sig- 
nal Vf(i) changes to the positive modulating voltage 

45 Vge+ or to the negative modulating voltage Vge-, the 
potential Vd(i, j) of the pixel electrode 3 changes 
accordingly Thus, an effective voltage as well as the 
image signal VsO*) is applied to tiie liquid crystal capac- 
itance 4. The same is performed at the pixel (i-i-1 , j) and 

50 at the pixel (i+2. j). etc.. so that an image is displayed on 
the entire screen. 

[0032] In the conventional display panel, the output IC 
for outputting the scanning signal Vg to the scanning 
electrode 7 is a process which witiistands a very high 
55 voltage (approximately 38 V) and requires a four-value 
level output However, in this embodiment, since the 
nfK>dulating electrode 8 for applying the rrxxjulating sig- 
nal Vf is provided separately from the scanning elec- 
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trode 7. the amplitude of the scanning signal Vg output 
from the output IC is greatly reduced to approximately 2 
V and the level output is binary, so that the area of the 
IC chip is greatly reduced. As a result, the cost of the IC 
is greatly reduced. VSTith respect to the nrxxiulating signal 
Vf . the amplitude is approximately 1 1 V. 
[0033] Moreover, by forming the auxiliary capacitance 
5 not between the pixel electrode 3 and the scanning 
electrode 7 like in the conventional structure txit 
between the pixel electrode 3 and the modulating elec- 
trode 8 provided below the pixel electrode 3 with the 
light transmitting insulating film 12 between as shown in 
Fig. 2(b), the load capacitance of the scanning elec- 
trode 7 is reduced, so that the width of the scanning 
electrode 7 can be reduced to significantly improve the 
numerical aperture. 

(Second Emtxxliment) 

[0034] FiQ. 4 is a drcuft diagram showing the struc- 
ture of a liquid crystal display panel according to a sec- 
ond emtxxliment of the present invention. In FIG. 4, 
reference numeral 2 represents a TFT. reference 
numeral 3 represents a pixel electrode, reference 
numeral 4 represents a liquid crystal capacitance, refer- 
ence numeral 5 represents an auxiliary capacitance, 
reference numeral 6 represents a counter electrode, ref- 
erence numeral 7 represents a scanning electrode, ref- 
erence numeral 8 represents a modulating electrode, 
and reference numeral 9 represents a signal electrode. 
TTiese elements are similar to those off the first enrttxxli- 
ment and denoted by the same reference numerals as 
those of FIQ. 1. In FIG. 4. pixels in odd-numbered col- 
umns are denoted by 1 and pixels in even-numbered 
columns are denoted t>y 10. 

[0035] This embodiment is similar to the first embodi- 
ment in that the modulating electrode 8 for applying the 
modulating signal Vf to modulate the potential Vd of the 
pixel electrode 3 through the auxiliary capacitance 5 Is 
provided separately from the scanning electrode 7. In 
the second embodiment the auxiliary capacitances 5 in 
the pixels 1 in odd-numbered columns and those in the 
pixels 10 in even-numbered columns are connected to 
the nrxxiulating electrodes 8 in different rows. Therefore, 
the number of modulating electrodes 8 is greater t>y one 
than the number of scanning electrodes 7. The polarity 
of the image signal Vs sillied to the signal electrodes 
9 in odd-numbered columns and that supplied to the 
electrodes 9 in even-numt>ered columns are opposite to 
each otiier. 

[0036] The structure of the auxiliary capacitance 5 in 
this embodiment is shown in FIGs. 5(a) and 5(b). FIG. 
5(a) is a plan view showing the structure of the auxiliary 
capacitance 5. FIQ. 5(b) is a cross-sectional view taken 
on the line B-B of FIQ. 5(a). In these figures, the TFT 2 
is not illustrated but shown being simplified. As shown in 
the figures, the auxiliary capacitance 5 is formed by pro- 
viding the nrxxlulating electrode 8. with a light transmit- 



ting insulating film 12 between, below the pixel 
electrode 3 disposed on the light transmitting substrate 
11. Therefore, after tiie modulating electrode 8 is 
formed on the light transmitting substrate 11, the light 

5 transmitting insulating fSm 12 is formed on the entire 
surface, and the pixel electrode 3, the scanning elec- 
trode 7 arKi the signal electrode 9. etc. are formed on 
the light transmitting insulating film 12. The elements 
such as the pixel electrode 3, the nrxxlulating electrode 

10 8. the light to^nsmitting substrate 11 and ttie light trans- 
mitting insulating film 12 are made of a similar material 
to those of the first enrixx^iment. This embodiment is dif- 
ferent from the first enrtbodiment in the plane configura- 
tion of the modulating electrode 8. 

IS [0037] FIQ. 6 is an equivalent circuit diagram of the 
pixel (i, D of the liquid crystal display panel according to 
the second embodiment of the present invention when 
the TFT 2 is off. In FIG. 6. Cgd represents a gate^rain 
capacitance between the gate electrode and the drain 

20 electrode of the TFT 2, and Csd^ and Csd2 represent 
signal electrode-pixel electrode capacitances fc}etween 
the signal electrode 9 and the pixel electrode 3. 
[0038] FIGs. 7(a) to 7(b) are signal waveform charts 
of the liquki crystal display panel according to the sec- 

25 ond embodiment. FIQ. 7(a) is a signal waveform chart 
at tiie pixel (t, j). FIG. 7(b) is a signal waveform chart at 
the pixel (i+1. j)- FIG. 7(c) is a signal waveform chart at 
the pixel (i+2. fl. FIG. 7(d) is a signal vk^veform chart at 
a pixel (i. j+l). FIG. 7(e) is a signal waveform chart at a 

30 pixel 0+1 , j+1). FIQ. 7(0 is a signal waveform chart at a 
pixel (i-i-2. j+l). In these figures. 1H represents a hori- 
zontal scanning period. IV represents a vertical scan- 
ning period, Vc represents a counter signal, Vg 
represertts a scanning signal. Vs represents an image 

35 signal, Vd represents the potential of the pixel electrode 
3, Vf represents a modulating signal. Vge+ represents a 
positive nxxiulating voltage, and Vge- represents a neg- 
ative modulating voltage. 

[0039] The application period of the modulating volt- 

40 ages Vgef and Vge- is shifted by the 1H period 
between FIGs. 7(a) to (c) and 7(d) to 7(0. With respect 
to the pixels in the i-th column, the auxiliary capacitance 
5 of, for example, the pixel (i. j) in the i-th row is con- 
nected to the nxxiulating electrode 8 in the i-tii row, 

45 whereas wrtti respect to the pixels in tiie 0+1)-th col- 
umn, the auxiliary capacitance 5 of. for example, the 
pixel (i. i+1) in the i-th row is connected to the modulat- 
ing electi-ode 8 in the (i+1)-tii row. The modulating elec- 
b'ode 8 in the (i+1)-th row is the nrxxiulating electrode 8 

so connected to the auxiliary capacitance 5 of the pixel 
0+1 . D in the fi+1 )-tii row among the pixels in the j-tti col- 
umn. Thus, in the pixels in odd-numbered columns and 
the pixels in even-nunr^ered columns, a common mod- 
ulating electrode 8 is used as the auxiliary capacitances 

55 of pixels in rows different from each other by one row. so 
that a shift of the 1 H period is caused during the appli- 
cation period of the modulating voltages Vge+ and Vge- 
. However, this does not cause a large problem because 
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it is a shift of the 1 H period during the 1V period. 
[0040] With respect to the liquid crystal display panel 
according to the second embodiment thus structured, 
an operation thereof wilt be described. 
[0041] Rrst, the case of the pixels 1 in odd-numbered s 
column will be described. For exannple. at the pixel (i. j), 
when the scanning signal VgO) is on for the 1H period, 
the image signal VsQ) is supplied to the pixel electrode 
3 serving as one of the electrodes of the liquid crystal 
capacitance 4 and the auxiliary capacitance 5, so that a io 
predetermined voltage is reached. When the scanning 
signal Vg(i) becomes off, it is attempted to maintain the 
voltage for the IV period; however, since the auxiliary 
capacitance 5 is connected to the modulating electrode 
8. when the modulating signal Vf(i) changes to the pos- is 
itive modulating voltage Vge+ or to the negative modu- 
lating voltage Vge*. the potential Vd(i, j) of the pixel 
electrode 3 changes accordingly. Thus, an effective volt- 
age as well as the image signal VsQ) is applied to the 
liquid crystal capacitance 4. The same is performed at so 
the pixel (i+1 , j) and at the pixel j). etc. 
[0042] Next, the case of the pixels 10 In even-num- 
bered columns will be described. For example, at the 
pixel (t, j+1), when the scanning signal Vg(i) is on for the 
1 H period, a reversed image signal/VsO+l) is supplied 2S 
to the pixel electrode 3 serving as one of the electrodes 
of the liquid crystal capacitance 4 and the auxiliary 
capacitance 5, so that a predetermined voltage is 
reached. When the scanning signal Vg(i) becomes off, it 
is attempted to maintain the voltage for the IV period; 30 
however, since the auxiliary capacitance 5 is connected 
to the modulating electrode 8, when the modulating sig- 
nal Vf(i+1) changes to the positive modulating voltage 
Vge^ or to the negative modulating voltage Vge-» the 
potential Vd(i. J-fl) of the pixel electrode 3 cKtanges as 
accordingly Thus, an effective voltage as well as the 
reversed image signalA/sd-i-l) is applied to the liquid 
crystal capacitance 4. The same is performed at the 
pixel (i+1 , j+1) and at the pixel (i+2. j+1), etc., so tiiat an 
image is displayed on the entire screen. 40 
[0043] As described above, according to this embodi- 
merrt, by providing the modulating electrode 8 for apply- 
ing the modulating signal Vf separately from the 
scanning electrode 7 like in the first embodiment, the 
amplitude of the scanning signal Vg output from the out- 4S 
put IC is greatty reduced and the level output is binary, 
so that the area of the IC chip is greatiy reduced. As a 
result, tiie cost of the IC is greatiy reduced. 
[0044] Moreover, by forming the auxiliary capacitance 
5 not between the pixel electrode 3 and the scanning so 
electrode 7 like in the conventional display panel but 
between the pixel electrode 3 and tiie modulating elec- 
trode 8 provided below the pixel electrode 3 with the 
light transmitting insulating film 12 between as shown in 
FIGs. 5(a} and 5(b). the load capacitance of the scan- ss 
ning electrode 7 is reduced, so that the width of the 
scanning electrode 7 can be reduced to significantly 
improve the numerical aperture. 



[0045] Further, according to this embodiment, since 
the auxiliary capacitance 5 connected to the pixel elec- 
trode 3 is formed between the pixel electrode 3 and a 
modulating electrode 8 which differs for each column 
and the polarity of the image signal Vs applied to the 
signal electrodes 9 in odd-numt)ered columns and that 
applied to the electrodes 9 in even-numbered columns 
are opposite to each other, the potentials Vd of the pixel 
electrodes 3 are swung so as to cancel each other 
through acljoining signal electrode-pixel electrode 
capacitances Csdi and Csda* so that the potentials Vd 
of the pixel electrodes 3 are not swung but become sta- 
t)le. As a result, aosstalk disappears and the display 
quality is significantly improved. 
[0046] While the scanning signal Vg, the image signal 
Vs and the modulating signal Vf are supplied to the 
electrodes in the description given above, the present 
invention can be embodied when these signals are all 
generated in an incorporated IC and supplied or are 
separately generated in an external IC and supplied. 
[0047] While description has t>een given with respect 
to the pixel-by-pixel structure in the first and second 
emtxxGments, similar effects are obtained in the case of 
a structure per RGB. 

[0048] Conventionally a modulating voltage for nrKxi- 
ulating the potential of a pixel elecb-ode through an aux- 
iliary capacitance is superimposed on a scanning signal 
and applied to a scanning electrode. On the contrary, a 
nrxxJulating electrode for applying a modulating voltage 
is provided separately from the scanning electrode. 
Consequently, the amplitude of the scanning signal out- 
put from the output IC so as to t>e applied to the scan- 
ning electrode is greatiy reduced and the level output is 
binary, so that the area of the IC chip is greatly reduced. 
As a result, the cost of the IC is greatly reduced. More- 
over, since the nxxlulating electrode is provided below 
the pixel electrode and no auxiliary capacitance is 
formed between the pixel electrode and the scanning 
electrode, the load capacitance of the scanning elec- 
trode is reduced, so that the widtii of ttie scanning elec- 
trode can be reduced to significantly improve the 
numerical aperture. 

Claims 

1 . A liquid crystal display panel in which a plurality of 
pixel electrodes are arranged in m rows and in n 
columns on a light tremsmitting substrate, m rows of 
scanning electrodes and n columns of signal elec- 
trodes are perpendicularly arranged between said 
plurality of pixel electrodes, a thin film transistor in 
which a gate electrode is connected to a scanning 
electrode in an i-th row (i is an integer among 1 to 
m), a source electrode is connected to a signal 
electrode in a j-th column (j is an integer among 1 to 
n) and a drain electrode is connected to a pixel 
electrode in the i-th row in the j-th, column is dis- 
posed at each intersection of said scanning elec- 
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trode and said signal electrode, and a counter 
electrode which is opposed to said pixel electrode 
with liquid crystal between is disposed. 

wherein a modulating electrode in the i-th 
row is provided between which and each off said s 
pixel electrodes in all the columns in the i-th row, an 
auxiliary capacitance is formed. 

2. A liquid crystal display panel according to claim 1 . 
wherein said modulating electrode in the i-th row is io 
formed by use of a light transmitting conductive 
materlaL and said modulating electrode in the i-th 
row is provided between the pixel electrodes in all 

the columns in the i-th row and the light transmitting 
substrate with a light transmitting insulating film is 
between the pixel electrodes in all the columns in 
the i-th row and the modulating electrode in the i-th 
row. 

3. A liquid crystal display panel in which a plurality of 20 
pixel electrodes are anranged in m rows and in n 
columns on a light transmitting substrate, m rows of 
scanning electrodes and n columns of signal elec- 
trodes are perperxiicularly arranged between said 
plurality of pixel electrodes, a thin film transistor in 25 
which a gate electrode is connected to a scanning 
electrode in an i-th row (i is an irrteger annong 1 to 

m), a source electrode is connected to a signal 
electrode in a j-th column Q is an integer among 1 to 
n) and a drain electrode is connected to a pixel so 
electrode in the i-th row in the j-th column is dis- 
posed at each intersection of said scanning elec- 
trode arKi said signal electrode, and a courner 
electrode which is opposed to said pixel electrode 
with liquid crystal between is disposed, 3s 

wherein the following modulating electrodes 
are provided: a nrxxJulattng electrode in a first row 
between which and said pixel electrode in the first 
row in a p-th colunnn (p is an odd nun*er or an even 
number among 1 to n). an auxiliary capacitartce is 40 
formed; a nxxiulating electrode in a k-th row 
between which and said pixel electrode in a k-th 
row in the p-th column (k is an integer anriong 2 to 
m) and in the (k-1}-th row in a q-th column (q is an 
integer other than p among 1 to n), the auxiliary 45 
capacitance is formed; and a modulating electrode 
in an (m+1)-th row between which and said pixel 
electrode in the m-th row in the q-th column, the 
auxiliary capacitance is formed. 

so 

4. A liquid crystal display panel according to claim 3, 
wherein said nrK)dulating electrodes in the first to 
the (nrH-1}-th rows are formed by use of a light trans- 
mitting conductive material, said nxxiulating elec- 
trode in the first row is provided between the pixel ss 
electrode in the first row in the p-th column and the 
light transmitting substrate with a light transmitting 
insulating film between the pixel electrode in the 



first row in the p-th colunnn and the nnodulating elec- 
trode in the first row, said nrKxIulating electrode in 
the k-th row is provided between the pixel elec- 
trodes in the k-th row in the p-th column and in the 
(k-1)tii row in the q-th column and the light transmit- 
ting substrate with the light transmitting insulating 
f am between the pixel electrodes in the k-th row in 
the p-th column and in the (k-l)-th row in tiie q-th 
column and the modulating electrode in the k-th 
row, and said modulating electrode in the (nvf 1)-th 
row is provkled between the pixel electrode in the 
m-th row in the q-th column and the light transmit- 
ting substrate with the light transmitting insulating 
film between the pixel electrode in the m-th row in 
the q-th column and the modulating electrode in the 
(fm-l)-th row. 

5. A method of driving said liquid crystal display panel 
according to claim 1 or 2, wherein a potential of the 
pixel electrode is controlled through the auxiliary 
capacitance by sipplying an image signal whose 
polarity is reversed every horizontal scanning 
period to the signal electrode, and applying a posi- 
tive rTKxJulating voltage and a negative modulating 
voltage to the nrKxiulating electrode. 

6. A method of driving said liquid aystal display panel 
according to claim 3 or 4. wherein a potential of the 
pixel electrode is controlled through the auxiliary 
capacitance by sipplying an image signal whose 
polarity is reversed every column of the n columns 
of the signal electrodes, supplying the image signal 
whose polarity is reversed every horizontal scan- 
ning period to the same signal electrode, and apply- 
ing a positive modulating voltage and a negative 
modulating voltage to the modulating electrode. 
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